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A model of the extent and distribution of woody linear features 
in rural Great Britain

















versity	 in	 increasingly	 impoverished	 landscapes.	 Despite	 their	 acknowledged	















of	 scales.	 The	 results	 indicate	 that,	 despite	 some	 underestimation,	 this	 simple	 ap-
proach	may	provide	valuable	information	on	the	extents	and	locations	of	woody	linear	
features	in	the	countryside	at	both	local	and	national	scales.




Man-	made	 linear	 features	 marking	 boundaries	 are	 an	 integral	
part	 of	 landscapes	 throughout	 temperate	 regions	 (Barr	 and	 Petit,	
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are	regularly	cut	and	laid,	they	can	be	defined	as	“managed	hedges”	
(hereafter	 referred	 to	 as	 hedges)	 and	 are	 particularly	 widespread	
and	 ecologically	 important	 landscape	 features	 in	 farmed	 habitats	
(Baudry,	Bunce,	&	Burel,	2000).	Hedges	were	originally	used	to	de-
fine	 or	 enclose	 fields	 making	 them	 stock-	proof,	 and	 standards	 or	
lines	of	trees	within	them	were	important	to	demarcate	ownership	
boundaries.	 More	 recently,	 with	 the	 availability	 of	 relatively	 low-	
cost	 and	 low-	maintenance	 fencing,	 land	owners	 are	 putting	much	
less	effort	into	establishing	and	maintaining	hedges	(Antoine,	2001).	
However,	a	recent	review	investigating	the	potential	importance	of	
hedges	 to	 a	 range	 of	 ecosystem	 services	 (ES)	 at	 landscape	 scales	
indicated	that	they	are	not	merely	artifacts	of	previous	management	





The	multiple	 roles	which	 hedges	 play	 in	 the	 supply	 of	 ES	 in-
clude	 (1)	 provision:	 food	 (sloes,	 berries,	 fungi,	 etc.)	 and	 firewood	
(Wolton,	 Pollard,	 et	al.,	 2014);	 (2)	 regulation:	modification	 of	 the	
microclimate	in	and	around	field	systems,	reduction	of	soil	erosion	
by	 wind	 (Sanchez,	 Lassaletta,	 McCollin,	 &	 Bunce,	 2010),	 carbon	
capture	and	storage	 in	growing	woody	material	 and	 in	 litter	 (e.g.,	
extensive	linear	networks,	such	as	the	bocage	networks	in	France,	
contain	 considerable	 sequestered	 carbon	 (Robertson,	 Marshall,	
Slingsby,	 &	 Newman,	 2012),	 restriction	 of	 the	 movement	 of	 ag-
ricultural	 livestock,	 and	 retention	of	water	 and	 sediment	 through	




















providing	 connectivity	 between	 semi-	natural	 habitat	 components	
(Batary,	 Kovacs-	Hostyanszki,	 Fischer,	 Tscharntke,	 &	 Holzschuh,	
2012;	 Roy	 &	 de	 Blois,	 2008;	 Russ,	 Briffa,	 &	Montgomery,	 2003;	
Staley	 et	al.,	 2012).	 By	 providing	 a	 refuge	 for	 a	 wide	 range	 of	
taxa	 effectively	 eliminated	 from	 fields	 as	 a	 result	 of	 agricultural	
improvement	 (Smart	 et	al.,	 2006),	 woody	 linear	 features	 help	 to	
maintain	 functioning	agro-	ecosystems	 in	which	predators	of	 crop	
pests,	pollinators,	and	pollen-	producing	species	all	play	their	roles	













is	 dependent	 upon	 data	 describing	 its	 extent	 and	 condition	 (MEA,	
2005).	It	can	be	monitored	at	any	number	of	scales,	but	to	understand	
resource	management	at	a	national	 level,	 it	 is	 important	to	have	ac-
cess	 to	national	data	such	as	 those	used	 in	 the	National	Ecosystem	
Assessment	(UK	National	Ecosystem	Assessment	2011).	Attempts	to	
quantify	the	extent	of	boundary	linear	features	at	national	scales	are	
rare.	One	method,	used	 in	 the	Countryside	Survey	 (CS),	 is	 stratified	
random	sampling	which	used	field	survey	to	provide	national	statistics	
of	 the	extent	of	 the	different	 linear	 features.	CS	used	detailed	field	
mapping	of	 the	extent	and	condition	of	 linear	 features	 in	nationally	






















hedgerow	mapping	 (Vannier	 &	 Hubert-	Moy,	 2008).	 Standard	 aerial	
photography	 and	 LiDAR	 (Light	Detection	And	Ranging)	 offer	better	
solutions	(Black,	Green,	Mullooley,	&	Poveda,	2010),	but	for	any	re-
gion	of	moderate	 size	are	currently	made	difficult	owing	 to	 the	ex-
pense	 of	 data	 capture	 and	magnitude	 of	material	 to	 be	 stored	 and	
analyzed.





































ear	 feature	 within	 a	 linear	 framework,	 carried	 out	 in	 ArcMap	 10.3	
(ESRI,	 2015).	 Features	 within	 the	 framework	 were	 attributed	 from	





in	 a	 coastal	 tide-	washed	 area.	 The	network	 of	 boundaries	 or	 linear	









woody	 feature)	 to	maximum	vegetation	height	58	m	 (the	maximum	
height	for	a	tree	in	GB)	and	mean	vegetation	height	0.58	m	(account-
ing	 for	 gappy	 features).	 These	 thresholds	 were	 therefore	 selected	









The	 datasets	 and	 modeling	 approaches	 are	 described	 in	 detail	
below.	The	model	was	validated	against	CS	data	 at	different	 spatial	
scales	to	provide	information	on	its	performance,	as	described.
2.2 | Data inputs and feature attribution
A	 linear	 spatial	 framework	 formed	 the	 basis	 of	 the	 model.	 The	
Ordnance	 Survey	Mastermap	 (OSMM)	 topography	 layer	 provides	 a	
detailed	cartographic	view	of	the	landscape	including	individual	build-
ings,	 point	 features,	 transport	 infrastructure,	 field	 boundaries,	 and	
areas	of	land.	OSMM	polygon	objects	(100	million)	were	used	to	cre-
ate	the	spatial	framework	for	LCM2007.	As	the	spatial	resolution	of	
OSMM	 is	greater	 than	 that	used	 for	LCM	 (which	uses	20	m	×	20	m	







set,	 which	was	 chosen	 as	 it	 has	 a	 comprehensive	 coverage	 of	 GB.	
NEXTMap	 includes	 both	 a	DTM	 and	 a	DSM,	which	were	 originally	
produced	 by	 Intermap	Technologies	 in	 2007,	 the	 same	 year	 as	 the	
Countryside	 Survey	 2007.	Data	were	 generated	 by	 airborne	 survey	
using	synthetic	aperture	radar	 (Carey	et	al.,	2008)	 (SAR),	and	single-	
pass	 interferometry	 (IfSAR;	 Chiverrell,	 Thomas,	 &	 Foster,	 2008).	
NEXTMap	digital	 elevation	data	were	 collected	at	 a	flight	height	of	
approximately	6,500	m;	the	data	were	supplied	at	a	5-	m	resolution.
A	 spatial	mask	was	 necessary	 in	 order	 to	 filter	 or	 areas	 consid-
ered	 outside	 of	 hedgerow	 areas.	 NEXTMap	 5-	m	 data	were	 filtered	
using	LCM	2007	 (which	describes	 land	cover	across	GB	 in	2007)	 to	







































The	model	was	 evaluated	 by	 comparing	 the	model	 results	 at	 three	
scales,	National	(GB),	GB	land	class	and	at	the	1-	km	resolution—these	
data	were	used	as	a	“truth”	to	test	the	effectiveness	of	the	model	in	














using	ESRI	ArcGIS	9.2	digital	 field	mapping	 (ESRI,	 2006).	 Surveyors	
comprehensively	 delineated	 and	mapped	 each	 surveyed	 square,	 in-
cluding	 any	 linear	 feature	 longer	 than	 20	m.	 Detailed	 attribute	 in-














the	 line-	work	of	 the	 two	 systems	does	 not	 perfectly	 agree,	 despite	
visually	 appearing	 to	 be	 a	 good	match.	To	 remove	 this	 artifact,	 the	
areas	around	both	the	CS	lines	and	the	modelled	linear	network	line-	


























A	 comparison	 of	 the	 modelled	 linear	 feature	 lengths	 and	 the	
lengths	 of	 linear	 features	 (both	 woody	 and	 other)	 as	 measured	 in	









linear	 features	accord	with	the	actual	 locations	 (along	a	5-	m	spaced	
series	 of	 points)	 of	 woody	 linear	 features	 recorded	 in	 the	 field.	 In	




The	 spatial	 accuracy	of	 the	classification	 is	 indicated	 in	Figure	4	
which	 shows	Cohen’s	Kappa	 statistics	 for	 the	point-	based	compari-
sons	 between	 modelled	 and	 field-	recorded	 data.	 Figure	4a	 shows	


















(Figures	2	 and	 5).	 However,	 the	 estimates	 are	 generally	 on	 aver-
age	40%	 lower	 than	 those	 generated	 from	 the	CS	 sample.	 Figure	3	
indicates	 that	 the	model	errors	are	more	commonly	associated	with	
the	 omission	 of	 hedges	 rather	 than	 identification	 of	 false	 hedges.	
The	method	of	matching	 boundaries	 is	 not	 perfect,	 as	 the	 datasets	
being	compared	are	independently	derived	and	boundaries	are	often	
complexes	 of	 different	 features	 located	 very	 close	 to	 one	 another,	
which	may	 include,	 for	 example,	 two	 hedges	 bounding	 another	 lin-
ear	 feature	 (such	 as	 a	 green	 road),	 or	 coincident	 lines	 of	 trees	 and	
hedges.	Additionally,	woody	linear	features	 in	GB	are	highly	variable	
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for	CS2007	and	the	model	outputs	(despite	the	offset	axes),	the	maps	
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Partnerships)	who	may	want	to	enhance	habitats/landscape	structure/






















for	 component	 of	 landscapes	which	 contrast	 greatly	with	 the	 field/
parcel	vegetation	with	which	 they	are	 associated.	The	ability	 to	 im-





features)	 gives	 us	 a	 much	 improved	 understanding	 of	what	 factors	
affect	 bird	 presence	 (Rhodes,	 Henrys,	 Siriwardena,	Whittingham,	 &	












F IGURE  5  (a)	Woody	linear	feature	density	(km/km2)	from	CS2007	field	survey,	mapped	as	land	class	means;	b)	modelled	linear	woody	
feature	network	density	(km/km2)	mapped	as	ITE	land	class	means















above,	although	 this	would	need	 to	be	carried	out	using	a	 strategic	
and	 consistent	 framework	 to	 ensure	 the	 consistency	 and	 quality	 of	
the	data.	Potential	approaches	include	placing	the	data	on	the	inter-





Given	 the	 lack	of	 any	 such	product	 currently,	 the	 information	 it	
provides	 is	 valuable	 and	 although	 incomplete,	 the	 hedge	 model	 is	
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